Abstract-This report describes a modified version of the IEEE 3-area RTS '96 Test Case for time series analysis. This test case was originally developed to investigate the impact of the introduction of losses in the market clearing, thus the main application of this system is DC Optimal Power Flow (OPF) studies. A fourth area is included in the system. In each snapshot, wind power production and load consumption are modified. This allows for different import-export situations among zones, varying the prices in each zone. Moreover, several High-Voltage Direct-Current (HVDC) lines are included in the system.
I. INTRODUCTION
I N THE last decades, over 25,000 km of High-Voltage Direct-Current (HVDC) lines have been gradually integrated to the existing pan-European HVAC system. Thanks to their properties, HVDC lines facilitate the transfer of bulk power over long distances, allow the connection of asynchronous areas, represent a cost-effective solution for long-distance submarine cables and provide a useful tool for power systems stability. HVAC-HVDC interaction will be a key feature in the coming years, both for system operation and system reliability.
In this regard, there are few test systems which include meshed HVDC links. This report presents a modified version of the IEEE RTS '96 Test System [1] , with the inclusion of several HVDC interconnectors. The intention is to develop a test system with universal characteristics, to be used as a reference for testing the impact of different evaluation techniques on diverse applications and technologies. This test system was used for the first time in [2] , for analyzing the impact of the introduction of HVDC losses in the market clearing algorithm of zonal pricing markets.
The test case is modified as follows:
• A fourth area is included.
• Three new VSC-based HVDC links are included to connect Area 1 to the other areas.
• Different wind farms are added in each area; different wind profiles are considered.
• All the loads are considered elastic; three different load profiles are considered.
• To create high and low price areas, generator costs and load utilities in the four areas are multiplied by scaling factors.
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• To create price differences over the year, load consumption and wind generation vary in each snapshot.
II. SYSTEM TOPOLOGY
This test case is intended to represent a power system where zonal pricing is applied. For this reason, the system is a multiarea power system developed by merging four different areas, each of which is the IEEE RTS 24-bus Test System shown in Fig. II . The whole system is represented in Fig. 2 [1] . The four areas are labeled with numbers raging from 1 to 4. The buses in each area are numbered with a preassigned numbering system (e.g., in Area 1, the 24 buses are labeled with number raging from 101 to 124, in Area 2 from 201 to 224, and so on). The slack bus is Bus # 113 in Area 1. The bus data for Area 1 and 2 is listed in Table I . Area 3 and 4 are equal to Area 2. The bus types are the following:
• 1 -load bus; • 2 -generator bus; • 3 -slack bus. GL and BL refer to the real and imaginary components of the shunt admittance to ground, Base kV to the voltage level, Vmax and Vmin to the maximum allowed voltage deviation. [3] . The load data is listed in Table II. To create high and low price areas, load utilities in the four areas are multiplied by a scaling factor, respectively 1.8, 0.95, 1 and 1.1.
In order to create price differences over the year, the maximum consumption of loads varies according to their yearly and daily profiles (see Fig. 3 ). Three different types of load are considered: residential, industrial and commercial. The profiles are assigned to the loads using the coefficients i 1 and i 2 , as shown in Table II . The maximum consumption is modified as follows:
where r is a random numbers between 0.95 and 1. Table III and IV, and D max is the peak load, shown in Table II . Table V . The minimum output level of all generating units has been set to zero. The cost of production of each unit is assumed to be a linear function of their output level. As for loads, these costs are multiplied by different scaling factors, respectively 0.97, 1.03, 1 and 0.99, according to the area where generators are located in. Start-up and shut-down costs, unit cylce restrictions, ramping rates and emissions have not been considered. Unit G15 is a synchronous condenser.
VI. WIND FARMS
In each area, several wind farms are included. Their data is listed in Table VI . No uncertainty is considered: the output of the wind farm is known, and it varies according to the wind profile of each area. In order to have reasonable wind profiles, they are based on the wind power production of DK1, DK2 [4] , SE1 and SE4 [5] in 2016. The four wind profiles are depicted in Fig. 4 . The four AC interconnectors are adopted from [1] , their data is listed in Table VIII. The base power is 100 MW and the base voltage 230 kV (except for line 307-403, for which the base voltage is 138 kV).
Three HVDC interconnectors are connecting Area 1 to the other areas. The base power is 100 MW and the base voltages (DC side) respectively 400 kV, 250 kV and 350 kV. The converter station losses are represented with the generalized loss model [6] , [7] :
where a, b and c are numerical parameters reflecting the quadratic, linear and constant dependence of the losses on the line current and |I conv | is the magnitude of the current flowing through the converter. The data of HVDC interconnectors is derived from [7] and listed in Table IX .
It is worth mentioning that, since Area 1 is connected to the other areas only through HVDC lines, the whole system can represent two asynchronous areas (Area 1 and Area 2-4). 
VII. TRANSMISSION SYSTEM
The internal network of each area is a meshed AC grid with 31 overhead lines, 2 cables and 5 transformers (see Fig. II ). Transmission network data is obtained from the IEEE RTS '96 Test System [1] and listed in Table VII The four AC interconnectors are adopted from [1] , their data is listed in Table VIII. The base power is 100 MW and the base voltage 230 kV (except for line 307-403, for which the base voltage is 138 kV).
VIII. FLOW-BASED MARKET COUPLING
In a zonal pricing system, the network is split into pricezones in case of congestion on certain flowgates. The intrazonal network is not included in the model, and a single price per zone is defined. The main difference between nodal and zonal pricing is that, in case of congestion, in a nodal pricing market all the nodes are subjected to different prices, while in a zonal pricing market price differences arise only among zones, with all generators and loads subjected to their zonal price [3] . An evolution of zonal pricing is the FlowBased Market Coupling (FBMC), which aims at coupling different independent markets. FBMC includes two clearing processes: first the energy market clearing, where a clearing price per zone is determined according to the internal power exchanges, and second, the import and export trades via the interconnections [3] . As for zonal pricing, the intra-zonal flows are not represented in the model; in addition, cross-border lines to another zone are aggregated into a single equivalent interconnector.
Under the assumption of FBMC, all the intra-zonal nodes are aggregated into a single equivalent node. As a consequence, the 96-bus system is reduced to a 4-area system, as shown in Fig. 5 . Also, all the AC tie-lines connecting Area 3 to Area 4 are substituted by a single equivalent interconnector.
IX. CONCLUSION
This report presents a modified version of the IEEE RTS '96 Test System [1] , with the inclusion of several HVDC interconnectors, for time series analyses. The test case is modified introducing a fourth area, three new VSC-based HVDC links, different wind farms and elastic loads. The intent is to develop a test system with universal characteristics, to be used as a reference for testing the impact of different evaluation techniques on diverse applications and technologies. The test case is designed for DC Optimal Power Flow (OPF) studies and used for the first time in [2] .
